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>M) VARIABLE DELAY CIRCUIT 

an 136664 iaj i.6.:?92 ■ :*) ;? 

(21) Appi. No. 4-;'"'4T0e C2\ i3.-J.i9W <33i JP i3i 


(71) A DV AN TEST CORP 
<51 > Int, CI*. H03K5 13 


YOKICH! HA YASHK-J 


PURPOSE: To obtain minute delav with high resolution. 

CONSTITUTION: CMOS gates being a P-channel FET 21 and an N -channel FET 
22 are connected to a p. input terminal 23 and drains are connected to an output 
terminal 24, the source cf the FET 21 is connected to a positive power supply 
terminal 20 through resistor elements 37.. 37 : . 37 : - composed of P-channel 
swiichable FETs whose resistance is respectively R„ R„ R,-- and the source 
of the FET 22 is connected to a negative power supply terminal 30 through 
resistive elements 38 f .. 38 . 38 : - composed of N-channel switchable FETs whose 
resistance is respectively R,. R,. R : ---. The resistor elements 38„. 38i. 38) — 
are composed c( single FET or.!y -Figure a), or series connection of plural 
FETs -Figure b). or parallel connection of plural FETs ^.Figure c), or series 
connexion cf a passive resistance element and one FET t Figure d). The 
resistance elements 37,. 37-. 37,.-- are constituted similarly. Delay setting signals 
$♦, 5 are decoded by a dtcodtr 39. 
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(71) ttli^ A 390005175 

JKSttl*.SEJfi»T 1 T§ 32* 1 # 

(72) £^# t* . 

*Ktt«SKJfi»riTB32#l# t*5C£ 
tt7H/OxX hi*? 

3KSC««»K«ffriTB32#l# 

(72)8^# £7 a 

**»*.WK*»riTi32*i*§- 
(74)«SA #a± m & wis) 


(54) C^^CO^^:] oJTMmts}® 


(57) [5«] ( ttiEff ) 

pft^FET2 l<hnf-v*;UFET2 
2t<OCMOSOy-h*«A*a?2 3tctt«an. K 
K>«B»* ; F2 4lC»«$n. FET2 1C0V-X 
(i^n-e*lB0tttd<Ro ♦ Ri , R; -CDX<.y^pI(jE 
ftpftWFETAOWtttSJIIfS?. . 37, , 

3 7 2 -$ai;TiE<oaiHaiF2 o(c»ai$n, fet 
2 2 0 7-^a-en-enttHffl^R. . r, . r, ...<& 

o . 3 8, , 3 8j "**Ht;Tft<&tiB«?3 otcae! 

^^^^3 8,) . 3 8i , 38: •**(£ F E T 1 
IB cO 7a a . »^iWdtaa(H£iawg«lL/lbcOb, *-5 

F ET,i:<E:iC[W««!Utt,Od-CA*. 3 
7o . 3 7, . 3 7; -t,«aic«rt$n-5. f3-y 
'3 9 KJ:OigiSiagE5So , S, ;-^f: —Han 
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o b <= d 


565 



-423- 


(2) 

I 

X*ct. 

swcainttSrsicrsx-f w 

ttem 1 _hESB 2 fifi >*7«jg 

£»sT*a«a«*a£, 

[H*JS2] CMOSt, 
^<OCMOS<D-$fli:. -e^-»C0CMOS(7)FETt 

F E T 

-tECMOSOttJSt. *«ffi»<0CMOS <0F E T t 

±E«jR<0tt««fcOWIC»A$nt»-2 a? 

FETi, 

JbECMOS£±:E3Bl FETt<0»m*t> ±J2«K 
©ft*i:<Z>IHfc:»«an. ±£35 1 FET<hf5)-$«J£ 
cO£3FET<h, 

±ECM0SiJ;E»2 FETiO»«*<!:. JiEfiiR 
0tt*£0fflk:«IJ!Sn. ±ESB2FETtisi-W*® 
FETt. 

±ESB3 FETtBMKUfASMfcJB 1 X< 
±E!B4-F ETiiEMtttHl^nfcJB 2 AY 
*0to**2m%m*±.K\*m : ?7.\tU1im¥\Zl&ttL 30 

iEassafi*ftic4:o±E»iz< y^aac*2x^f 
m*ji i e«o piaaaiEia. 

JtESBK »2 h7>vX^COB«l«t««E(7)iaSiai:(7) 
ffl(CiaW(C»ASnt»3 h7>yX^i:, 40 
*-CD8 3 h7>*>*X^fiOA*»tC«jH$n^Xias![« 
St. 

iiEJBK 8 2 S7>vX^^»K*ICA^«WS«5 
[0 0 0 i ] 

xagEsscnT*. 

[0 0 0 2] • ^ 
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#M¥5 - 1 3 6 6 6 4 

2 

ilffiSl 1.12. l 3*<BWiCtt«anTtt 
0, ftiiiSSSi, A#£2 7>0£L£--3<OtiS&C7)-77£ 
tU^; 1 4T^^LT£li^T'5^OT*0, 1 

i r'fi-owsBic^n^n/Ky 7 r 1 5 1 1 6 ttfft 

A$n, 35SS1 2Tia-^^>«8lC0)*HBOA # y7 
Tl6)W*A3fL 3328:1 3Tli-;*<OgBlC0J!M& 
Fltt«Snfc2fl<0/W7r 1 6 ;W#A2ttT^ <£, A* 

77ri 6 coE»ajgST P< u/t7 7 7 1 s^esea^ 

*TM02«iSftTtr>*. MESH. 1 2, 1 3 
costt^? i 4(:#-t*ir h»**a«M*c*ia 

[o o o 3] ££H i 2i;:^T*'5icaa«ai i, i 

2. 1 3(Ci3^T-€'<0--po«B<D-5>lca)*ai£^ 

1 9^n^n»A^n, ^-c^&a^^^i 9osm& 

tt =A. t: =2 A, tj = 4AT£0, ai£& 

A^n^aii^^i 9^ai^s t, ti 2 • - » At^nr 

[0 0 0 4] 

[J8w*<«au«fc5tr4»a] si iic,T*uttt*to 

ttffftcfc^TU:. "&aa*4A^*0)/l7 7r 1 5. 1 
6tt«eo)fta3£«*«H:ttW**<, 17- 
1 8 &T<D£&tl,T<Dfctitm}&mc)ftRfe»ftttLZ 

r*&, aj£»«ffit±tfs»*«Harftofc. »kc 
mo s tffl^fejuaiagst Lxm&ri*&tzm*T\± 

[0 0 0 5] 0 1 2IC7KL^«B£tC43^Tt), *0>'*a 
52**1 9£UT£*a»*f«JfflT**^ *fl>Ba±£ 
is tt 6 ti *=, o s ^*SfiE^/« ffli&*<0 JEffcKi: ra 

tfs^totnt. **auaic*5urs»«aii- 
«tt^^*ma*Ta>asacoftA«tf6o*»cj:oT«'h 
t<co, •ecDaaa-c^ajs^tfeostc.fcoa 

tttffce&tv COJ:^/tH»^6r*iffla<oaKS: 
i ltCfcUTli (1 +a) ti =AtftO. 2&SOS 
SSI 2(Ci5^T(i (1 +a) t2 =t» (1-a) + 
AtttO. ffioTti =2A/ (1+a) 1 iftfi. S 

6ic3as^aaai 3ic^^xn 

(l+a) ti = (tt +ti ) (l-o) +A/S£-p 

Tt) =4 A/ (l+o) J <t«t^. na««snT-^ 
^*B&t:^u-c:iiS8iti t . =2'-' «a/(i + 

a) • i/i^. 
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3 

[0 0 0 6] CO&gj&gKiSOgtf bO£a^*£< 
«»U 5ffl«/j:«&(?)aj£ft t. = 2*" -AJ:0fc 

tT2)WTi^<fj:i», C0)oHa#CMOSy- h 
(0 0 0 7 J 

^m^^rSCT^^l, &2 K7>yX^(D-^5U 

- $ t co m i c s ^ I c e 8t fit * r i c r z x -r 7 m & r > 

2 Bfitfc^fl'X <b 1>& 1 ^aKWCilfia&S^R 

[0 0 0 8] M*J12a)RWtJ;ntfCMOSO-J»i: 
«Ktf)-*tOWtceOCMOSO--»«)FETi|3I- 
»W05llFETd«««3n, ££CMOSOfflffl£: 
a S CO te £j £ CO rsi ;c * 0) C M O S CO ffi 2t CO F e t t B - 
M^»2FET^««4n» CMOStSSl FET 
<fc<0tt«.«<t«*«)tt«l(k^nniCS(S 1 F E T £R— 
M^3FET^$n 4 CMOSOffiJS^2FE 
T t 0>tt«£j&t*<&JB 2 F E T <fc H-«*JB<D3 4 F E 
T€ai;T«KO-«(C«K$n t ^3 FET tS^lfC 
»U-f-;?WXSn. !B4FETfcfi#ItCS2*-Y 

>* 7 Kasrsasiis^aawt n^is 2 sjga 
[0009] M*«3a5«wtintf, suicgjtt®* 

tt. jfil, £2 N5>vX?<0{E$*l&& 

£a*nc$s3 h5>vx9ti<nmt<Dmizt&m$ti. * 

C0$3 h7>vX^A«?lC^£it^m$7M£&£ 
[0 0 10] 

m[\:Abm\\<nmw%}fcm$:^T. ceo 

t.. SB 1 h7>yX^iLTpft^^FET2 1 ^ 
■S8 2 h7>y*X^tLTnf tt^JLFET2 2^ffll^b 
tl*. FET2 1. 22<r>m\f)^ O^Offly-hti 
S^JCtt«2nTA^«iF2 3 Ctt«$n. FET2 
1. 2 20)&-«fiSlMC»«Sn. *C08tt.«ttiiJrt 


(3) ftBfl^S- 1 3 6 6 6 4 

[0 0 1 1] FET2 10ftS*t«iB2 5<OiEffllZ»ia 
Sttfc^SaiEM^ 2 0 t^Btpft^FET2 

^r^FET 2 8##ft3tl*, FET220«t 
Sifc2 5 0A{Hllcffi^^n^^^«iSM!TF3 o^copnfc 
nft^FET29, 3 1 aJittM IgjB*«tt« 4^1-5 1 

FET2 8, 2 9. 3 1 co&y- h ^-fe U>7 hf$n%¥ 
10 3 31C»tt4-n, CO-tU^ h«^«^3 3tt-f 

*34£?>UTFET26. 27, 3 2<0&y-MC& 
«$n-5. .FET 2 1, 2 2, 2 6 — 2 9. 3 1. 3 2 
lif ^TB-* > fciaO t> co <h 5 tt* . 
[0 0 12] CO«BEIw*3UT» $S^3 301ll<? hft 
m)<&)/^)V<T>W£\t. FET 2 6. 2 7, 2 9, 3 1 
tf*7s FET 2 8, 3 2 &*><tteZ>. fiEoT* FE 
T<0*>£t7t£ r U ffi77*^ 2 4 tC#£T*&ffiS 

<7)«6E(i0 2 Ad^-fffffilHlSSiiftS. #?3 3tf)-tl/ 
a? ^hB^t«l/^M*liFET2 6, 2 7, 2 9. 
3 1^X F E T 2 8 , 3 2W7ift0» 

521202 B\zjfi?mim&±tLh m -feu^ni^su 

^TIiFET2 1, 2 2t*«5ST2 0. 3 0 i:C0& 
rflHlH<0*>FETT»8lStU -fe U £ h flm*<ffi 1/ 
^THFET2 1. 2 2£«Stf#^2 0. 3 0 tOft 
WH2ffl<D*>F ET<0KWI38T««an-5. 
[0 0 13] A^*a : f2 3ICA*flr**«M.&ft. *n 
A«(SI/^;K01|^ttFET2 FET2 2^ 

7<fcfc0. Ma?20^FET2 6 f 27X1128 
30 Z&CT 2 4MMM<«*V A*8WSl'^ 
;KO«&liFET 2 1W7.FET2 2 
0, ffl^SSf 24^bFET29, 3 1X113 2*81: 

Ttaaa? 3 o <v«»j&<s*i*. 

[0 0 14] S£^-C, -tUt? hM-3&<«U^;U©*£li 
A^fE^^A^*n5t«tBia»(iH3 ACSt-r^^lC 
A7ji8^2 3 <htil^»^2 4<b<75fSltC— 0(7)^>ffitar 

^ayti(c»tt$nfc«!Bi45. ccoa^«^2 3K# 

LTAxv^^^X^JiaA^x!:, ffl^M^2 4 Officii 
S3BlC7KT^^tc (r + r) C co^SftTfg»M»:T 

[0 0 15] -^-fcU^ KM^iftU^^ODfll^ttA*. 
«^* { A»$n^t«HKI3!Stt03 Clc^Ti:^ IC, A 
^7«^2 3 thti^^^2 4i©fBIICS-30)*>K»tr^ 

TXf7^JbXSl]Q^t, tti^» z i t 2 4<0ttirtttia 
3 Dt:7KfJ:otC (r + 2r) CO»S».T»»IBiaT 
0 3 AOifl&^OfeifciO^iat^ 

[o o 1 6] a5flA < **fcfcai''^ i o*»o. s* 

L*V\fiiu^;utT*(k. exp (- t/r) =0. 5 
50 /n^LSUffl l/^;Kcaf-5*-CO)RniItt0 3 A©»& 
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I 5 

iJti «0. 69C (r + r) * 0 3 C^ifi&'ri t : = 
0. 6 9C (2r + r) cc^cfc ? (cgM^M t 

[0 0 1 7] 0 4 lC,T;*f <£?K:F ET 2 6, 2 7, 2 8 
£EO&?i(C&fcb. FET 2 4, 3 1. 3 2 

;K&»*<0FET2 1, 2 2<hai£$?2 0, 3 0 tOW 

[0018] 01, 04COf5JttlC;fcHTfcFET2 1, 

2 2<hai£$?2 0, 3 0£<D&Pflri<, -fcU* KfHf<7> 
IKU^JlTfflft<&FETA<:t><fcft»3> C£>S;£:R&3 

tf«t<, cn^^Kiii £2£i;:Hett* t»©t)it^ 
T*«#cH-Sr*i£f+ttTas. ;^«tufet2 

1 i*iB* : F2 0£<&rfl£p***;UFET2 8£3 5 
i:^St^T»«$n, FET3 5£LT*<O*>«0W< 
FET2 %V*>&tKto2m<nh<btfm^*>tlb. FE 
T2 2ttiRtt : F3 0 tcora«Cn^r*^FET3 2 t 

3 6tfiWnT»til&tls FET3 6 i LT-t0:*>fi 
tt^FET3 2 CD*>ig£rC<0 2 »(?)t,^#^ni. 

5nj;^ I0«t*$^TFET2 8 <h 3 2t<D*>te 
Strt<«L<. FET3 5t3 6fl)*>tt^?b<» F 
.ET2 8 tFET3 5fP^>«jK^»^oTlr»tltf<fc 

[00 19] 0 1l;feUTFET2 8t, FET26& 

^2 r^n^n^nsutcstnfii^sicr^x^vf 1 ^ 
tefc«tt*?£*n-en«fi£u f e t 3 2 f 

ET2 9&tf3 l£ti*n*n»tttt£5ut;:RKT* 
&(^T, F E T 2 8 F E T 2 6 Rl£ 2 7 M 
^tttftj£U XFET3 2 FET2 9&tf3 1 tU 

ET 3 5 tii^nr>ifita©$»lcT5X-f -y^site^ 
i&Ka^fclflBEU FET 3 2 tF ET 3 6 ^li^n-f 

[ 0 0 2 0] ^ICiikEK^TttCMO S, ^^0h7 

2 1 &z/2 1 a)ta&-tt«*n»Lr. ±offi& 

<t Bifida £<0Pfllc. *n*7i!£tft(SA<Rft*;w 7 


(4) #ffl¥5-l 36 66 4 

5 

S<oa&a£«iKT* 3*. 
[0 0 2 ll -i-fcfc*W*.Kia6 AK3*1\fc3CCMO 
S$IWTSFET2 1, 2 2 cOEE^lttKO-^, 

0 F E T 2 1 iiEHWaiHM^ 2 0 t<Dm\ZS.WZ&mm 
£RKT*:Wy^te&&Kfc^OS»<S3 7o . 3 
7i , 3 7 : •••*<ffiWIC««$n*. SfcFET2 2£ 

ftowaisa* 3 o twransicwzffifitttssi.tcrsx-f 

■y^JffifcttSW^S 8o , 3 8, , 3 8: -*<Jt^HC 
[0 0 2 2] *gtfi$?3 7o . 3 7, , 3 7, -iiCCD 

WTSip^^*;KOFET"c-tn-en««snfc*&T 

£9. ®£r£^^ 3 8o . 3 8 i , 3 St -ti-Wfttn 

^r*;nwFETT^n-en«iBS$n^:«*T*s. f 

E T 2 1 taSMI^ 0 tODPfltcftttSn/lKfii^?' 
i, FET22tSMf3 O (hcoP-IICSK^nfeSm 
XJ-tVft&TZhco* Tt£ti*>3 7* «h3 8o . 3 7 

1 £ 3 8. . 3 7: t3Bi — tt«ttnensMcttetia 

^R«cOtc?)£$n, O£9l£tf&?-3 7o <h3 8o • 
20 3 7, i 3 8, , 3 7, t3 8: -a)fttttt«tt^n-e 

[0 0 2 3] Zt\*&SKn*a>m&\WX\tn*r*)\> 
FETT»«Snfcttta*^3 8o . 3 8t . 3 8 2 - 

*^FETr«rtsnfct><35. mHbewriifcrfl 

On^^*;VFETOIlMttl*T»J«Snfct)'©. 
iWiHC^LTV^Ir^-ffleAi^n^r^FETft 

co, t)KttriHBl±«)n^^^;UFET*S6W»«L 

F ETT«lE£T^*ft^tC*3t\-C t»^<0*>Btt*tI^i: 

[0 0 2 4] SiSSSd^So . Si , St -ttaaa 
S^tlT^f^-^ 3 9 CA^$nTf3-F5 

TjStf^Yo . Y, ( Yi -\t^t\?t\&R%¥3 8o . 
3 8, , 3 8: ■•■<fl*tt£W6ST*n*-**n'FET<0 

-en-en^- Lrsin^i t 3 7 3 . 37, , 37, -<o^ 

[0 0 2 5 ] i3£ot/r>.^j'f.>-^3 9cOtii^^^Y 
0 ^ffiU^^jc^^c: . M.K^-^3 7.3 £3 80 <fc^|3] 


, 7 

£38, ttfftmz-tlttlQ* *c0f&O£in£?li* 
7C0££T&*. CC0cfc?lCLT&l£&£fi^(CJ;9f£ 
^^^3 73 . 3 7, . 3 7: -<0-O£, Zfttttfo 
TZ> <Ctt£P)jfittlia» &in$^3 8o , 3 8, . 

3 8: ■••<0-O'£7WHjB$|-*>£fcoT, 0 1ICt)UT 

COiI£g:£&&L£iS£T, FET21, 2 2*0tt* 
CMOS<oas^flWiai^^|^2 4<5:OHiC, FET4 
1, 4 2 cfc.O^iCMOS 4 3 At, ^COV- h£FET 
21. 2 20fll£LT?#A£tt*. FET4 1 tep^r* 
;l.T*oT^a)FET4 2 0tt«.«i:S»<Wl^fl&a (V 

4 4$ai:T*«a : ?2 oiz»«$n. *<&y-Hic 

MOS 4 3^y- ^fcCMOS43(^ 

to^coFET4 2^v-^ii^tiiisi-w««, a^r 

nftW«)FET45 J&^HM? 3 0 Kffift $ tl*. 
CCD F E T 4 5 coy- h C MO S 4 3 CO^- h 

[0 0 2 7] CMOS43iFET44^»«.*t« 
Si5S^3 0i<Offl£pf **»0>FET4 6#X-f 
tlT^nftWFET4 7^LTB»!5ni. H 
fclZCMOS 4 3 £FET4 5 <7)»«.*i:««i«|? 2 0 
iiCOraltCn^r 3WKOFET4 8 X-f y ^£ LTCO 
pft*^FET4 9^LT*«4n5. FET4 

6. 4 8^&y-hHffl*a : P2 4tc»ttsns. at* 

3 3^X-f ^^4 70)!WH«^ TfcfcSFE 
T4 7<0y-HCtt«an, *Jt-f 3 4C0ffi^J 

Ma<X<y*4 9<0«»»^ T^b^FET4 9coy 

-Mcayaans. 

[0 0 2 8] £<0<fcifc«E£IC*5UT. JtiAiiH8 A 
II^-ri-SJCA^a^ 2 3(CW.«"ti J&*65tJtS«EA 
fiff^V, &M)2tlfc.mz* »tP3 3<oaKS*t>W6; 
l"^l/CD*S&fi> FET2 8 £ 3 2#*>£&oT^* 
W^FET2 1, 2 2 <fc«SE«rP 2 0. 30£cD& 

ffietiBA^n-fn/hs<, ce-dtcmos 4 3coa^ic 

4*bft*aEVi ttE 8 B coffins 1 T^-Tct^tCJt 
8M2<iT*. ££$iP3 3<OjgiKff^Su^T 

fc^fcaiCX-f v=?A 7, 4 9 ^7^oT^0, F 
ET 4 6, 4 8Ji*ft-£ftCMOS 4 3C»a3ftTl> 

.CC0£#FET4 1, 4 2<7)&y- h • V-XfSlOL^ 

£.0 8 C coffins 2IOTti:?(: t &'#5 t 


(5) #$¥5- 1 3 6 6 6 4 

4 COSE V5 ^fl£U"<JUj&^i8U^;HClt±S. 

[0029] -^^^3 atc^A^awm^^s^^^ 

cOiSSf*. FET 2 6, 2 7, 2 9 . 3 1 
0, FET2 1, 2 2£««»T2 0. 30£cD&£tft 
©;iFET 2 8. 3 2A«3f>W«ftJ:0**^». S8 
B coffin 5 3 (C^TAiCCMOS 4 30>Aa«fl>«E 
l*fi«5 l«fc9t>*4rKttTT*. *fc*-fy*4 7.- 
4 9ti#lC*><fctt-3"0**a. FET44tCMOS 

4 3 t(D»«.«ttF ET4 6 MCT»«3n. ffl^JS 
70 ?2 4liW.«ti <0mttttl/^;U-C**Jft»SFET4 6 

li*>#.«(C£0> FET4 1. 4 6 0M«0«EV 
. liBKika^T^. F ET 4 4, 4 60^/ 
t^-y>XTM^2 O&tf 3 0IBM>«E*«»ESh 
TFET4 4COV— X£4A<&nTH*. «EV» 
»5 3ICt£-pT"F9. cn£#ICFET447-X«E 
V. fimB BcO<£&T^T<fc5IC±JIU FET44CO 
y- h • 7-X|B1<0L*HffiJ;D &CMOS 4 3<7>A?J 
SEV* ^lTtiiFET4 l^>i^-?TW 

.*ti ^eaj*« : ?-2 4o«*«svo ftfH8c<7>aa 

a? 5 4<7)<k?t:&±:2>. FET4 l*<*>Cfc3ICttCM 

05 4 3(OA?7fcJEV> **»U'<;l^)##J:0t>J5KT 
Cffi"FT*#Ka*»*. CMOS4 3(OA*tEV» j&« 
4«5 3JC/Ttct 5*CSEffcr*«*K:. F ET 4 6 , 4 

8##&£nTuft:^£T<5£. v> *<KU"W©¥# 

ICft^fc^.S t< ICFET4 l#*>tCft*. t£oT0 
ICSSLfcEISSHC MOS 4 3 4 0£&J£T 

*C£tCJ:9, U^Utt»T0a»**» 
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ABSTRACT : PURPOSE: To make high the speed of readout of data and to attain enlargement of an 
operation margin and reduction of power consumption by precharging a complementary 
data bus line at an intermediate potential substantially at the time when a pair of 
transistors are ON. 

CONSTITUTION: Complementary data bus lines DB and DBX transmitting read data or 
write data and a power line VM having a substantially intermediate potential between a 
source voltage VCC of a high voltage and a source voltage VSS of a low potential are 
disposed. A pair of transistors Q1 and Q2 are connected between these complementary 
data bus lines DB and DBX and the power line VM. At the time when the paired transistors 
Q1 and 02 are ON, the complementary data bus lines DB and DBX are precharged at the 
substantially intermediate potential in response to a reset signal BSR. Therefore, a 
differential voltage between the complementary data bus lines shows a level difference 
being twice as large as the one of a usual type, the speed of readout of data is made high, 
an operation margin 15 enlarged, a precharge level is lowered by half and power 
consumption can be reduced. 
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